.
Auxin distribution is controlled by specialised transport machinery, consisting primarily of auxin influx carriers AUX/LAX (that pump auxin into a cell) and ABCB and PIN classes of auxin efflux carriers (that export auxin out of a cell) [3] . However, the directionality of the auxin flux is mainly controlled by the subcellular localization of these components and in particular PIN proteins. PINs are localized on the plasma membranes in a polarized fashion, preferentially accumulating either on the apical, basal, or radial membranes or on combinations of these. These polarities are highly dynamic and can change during organogenesis [4] or in response to environmental stimuli, such as light or gravity [5, 6] . A central question facing developmental biologists is what causes the PIN proteins to locate to a specific plasma membrane face so that they can direct auxin flow in the required direction?
A study published in this issue of Current Biology by Marhavý et al. [7] identifies that the hormone cytokinin acts as a polarizing cue to determine directionality of auxin flow during the formation of new organs. In the primary root, PIN proteins are predominantly orientated in an apical-basal fashion to allow the transport of auxin from shoot to root. As the primary root grows, it produces new organs (lateral roots) that allow the root to branch. As these lateral roots develop, there is a re-direction of auxin flux to form new growth axes orientated towards the tips of the new organs. The re-direction of auxin is mediated by a change in PIN polarity, and in this recent paper, the authors exploited the lateral root system to investigate how PIN polarity was reassigned dynamically.
Many signals have been shown to contribute towards determining PIN polarity, including kinases, phosphatases, calcium signaling and mechanical signals [8] [9] [10] . However, it is unclear how these signals could modulate the directionality of auxin flux to produce the rapid responses seen in plants. Research in this issue of Current Biology shows that cytokinin is able to do this. This is not the first study to link cytokinin with auxin transport. It has been well documented that cytokinin is an inhibitor of lateral root organogenesis [11] . Previously, researchers have shown that cytokinin regulates the transcription of a subset of PINs [12] [13] [14] [15] or that it modulates the degradation of PIN1 by targeting it for degradation in the lytic vesicles (the disassembling components of plant cells) [16] . However, this study is the first to provide a polarizing mechanism that can switch PIN polarity as new growth axes form in newly emerged lateral root primordia (LRP).
In order to observe the switch in PIN1 polarity, the authors focused on a specific developmental stage of LRP organogenesis. LRP form following asymmetric division of the xylem pole pericycle cells (Figure 2 ) [17] . This division occurs in an anticlinal orientation (90 degrees to the growth axis). LRP cells continue to divide through a series of periclinal divisions that define various developmental stages and increase the number of cell files. As the primordia reach stage III, the original pericycle cell lineage will have undergone periclinal cell division twice and distinct polarities of PIN1 can be observed on both anticlinal and periclinal membranes (Figure 2) . A key finding came after LRP were treated with cytokinin, the PIN1:GFP signal was lost rapidly from anticlinal membranes but unaffected on periclinal membranes. This provided the first indication of a factor modulating PIN activity in a polarity-dependent manner.
Cytokinin-mediated selective degradation of PIN1 was not confined to LRP. The authors observed that cytokinins preferentially degraded PIN1 at the basal membranes and not the apical membranes of root epidermal cells. In order for roots to exhibit reorientation of growth in response to a gravitropic response, it is essential to have a shootward auxin stream in the epidermis to promote cell elongation on specific sides of the root [18] . This role is normally performed by PIN2, and pin2 mutants or pin2 mutants complemented with an apolar or basally localized PIN1 protein are unable to respond to gravity [19, 20] . However, when pin2 mutants complemented by PIN1 (PIN2::PIN1:HA) were treated with cytokinin, PIN1 was preferentially degraded on basal membranes, restoring the shootward auxin flow and gravitropic response.
One big question remains. How does cytokinin control PIN polarity? The authors investigated the effect of cytokinin treatment on PIN1 polarity in a group of transgenic lines and mutants affecting either phosphatases or kinases known to phosphorylate PINs and affect their polarity. Through a combination of genetic analyses they found that lines with the most PIN1 phosphorylation had the least cytokinin sensitivity. Further experiments with phospho-specific PIN antibodies or with phosphomimic PIN1:GFP alleles further reinforced this finding, demonstrating that cytokinin preferentially targets dephosphorylated PINs for lytic degradation.
To test whether this elegant work with these phosphomimic alleles is really important in a developmental context, the authors returned to LRP. By following the number of arrested LRP in wild type versus PIN1 phosphomimic lines treated with and without cytokinin, the authors observed that mutations mimicking phosphorylation showed reduced sensitivity to cytokinin and a weakened effect of cytokinin as an inhibitor of LRP organogenesis.
Taken together, the experiments within this paper clearly demonstrate a role for cytokinin in driving the differential degradation of PIN to provide a polarization mechanism capable of directing auxin flow. Maharvý and colleagues show that this polarization is vital for the organogenesis of LRP and that similar processes may operate during root gravitropic responses. Like many influential studies it opens new areas for future research, as we wonder whether similar mechanisms may polarize other PIN proteins and whether the differential degradation of PINs could modulate auxin flow during other developmental processes such as phyllotaxy, vascular development and shoot branching. What is clear is that our understanding of the mechanisms of hormonal cross-talk has taken a significant step forward. The mechanisms underlying sexual stage switching in Plasmodium spp. have hitherto remained a mystery. However, two recent studies have revealed that an apicomplexan-specific DNA-binding protein is essential for the initiation of this cell fate decision, ultimately providing the malaria community with a novel and important tool in the battle to prevent malaria transmission.
Johan Ankarklev, Nicolas M.B. Brancucci, Ilana Goldowitz, Pierre-Yves Mantel, and Matthias Marti* Sex is one of the central innovations of the eukaryote domain and a key to its vast success. As such, the germ lines are ultimately responsible for the evolution of a sexually reproducing species; the information contained in the germ line determines what will be passed on from one generation to the next. Eukaryotes use widely varied mechanisms for sexual reproduction but a common theme is the initiation or segregation of germ cells from the somatic or asexual population. In yeast, induction of mating types and sporulation commonly occur in response to pheromones or environmental factors [1] . Among the metazoans, germ cell specification transpires through two major pathways: epigenesis (induction through external signals) or preformation (localization of maternally inherited determinants) [2] .
Sex in the protozoa can be difficult to observe and in many species occurs in unusual ways or has never been described. Nevertheless, sex is part of the life cycle in all members of the exclusively parasitic apicomplexan phylum [3] . Many of these unicellular species undergo 'traditional' meiosis; among them are the Plasmodium spp., the causative agents of malaria [4] . Apicomplexan organisms engage in complex life cycles in which only one stage is capable of sexual reproduction, analogous to the alternation of generations seen in fungi, plants, and eukaryotic algae. In Plasmodium, seven stages develop sequentially as the parasite moves through different microenvironments in its vertebrate host and its mosquito vector. The progression from one stage to the next is linear and predetermined in all cases but one: the switch from the asexually replicating form in vertebrate red blood cells to the sexual stage capable of transmitting to the mosquito vector, initiated by a differentiation step. Some apicomplexan species such as Hepatozoon are believed to always proceed directly to sexual reproduction in a predetermined manner, whereas in Plasmodium spp. each asexual schizont stage is hypothesized to choose between asexual and sexual replication through a combination of environmental factors present in the host microenvironment in parallel with innate genetic factors ( Figure 1 ) [3] . Environmental factors proposed to aid in this decision include host immunity, host hormones and certain anti-malarial drugs [5] . More recently, infected red blood cell derived (iRBC) extracellular vesicles (EVs) were shown to stimulate the switch to the sexual stage, also known as gametocytogenesis, in a density-dependent manner [6] . The genetic factors underlying the
